Introduction
Various classes of non-separating subcontinua of a continuum have been investigated by several authors including Bing [2] , Gordh [3] , Miller [6] , Thomas [7] , and Whyburn [8] ; Bennett and Fugate have extended this investigation in [l] . The purpose of this paper is to introduce the notion of extremal continua, a variety of non-separating subcontinua of a metric continuum. The definition of extremal continua involves the idea of a terminal continuum, as defined by Bennett and Fugate. Several results from [l] are listed in Section 1 for completeness, and in Sections 2 and 3, these results are used to analyze the nature of extremal continua. In Section 2, it is shown that an extremal continuum Y of a continuum X does not separate any subcontinuum of X which properly contains Y. In Section 3, an extremal continuum Y of a continuum X is characterized as a proper subcontinuum of X which contains a point of irreducibility of each irreducible subcontinuum of X that meets Y; this characterization is used to demonstrate that every subcontinuum Y of X that does not cut any subcontinuum of X properly containing Y is an extremal continuum in X. The following example demonstrates that an absolutely non-separating subcontinuum of a continuum X can fail to be extremal in X.
Example 2.4. Let X be the following subcontinuum of the plane:
In X, let Y be the arc ((0, y): Osy G 1); then Y is an absolutely non-separating subcontinuum of X. Let Z be the following subcontinuum of X:
Note that Z is irreducible between the points (0, -2) and (~/IT, 1). The following lemma will be used to derive further properties of extremal continua, including a characterization of extremal continua in Section 3. non-cutting subcontinuum of a continuum X is an extremal continuum in X. We begin by developing some notation and recalling certain properties of monotone mappings.
A mapping is a continuous function. A mapping f from a continuum X onto the continuum f(X) is monotone if for each connected set C in f(X), f'(C) is a connected subset of X. It follows immediately that if the mapping f: X +f(X) is monotone, then the inverse image of a subcontinuum of f(X) is a subcontinuum of X; moreover, it is well known that a mapping f: X +f(X) is monotone if and only if f'(y) is connected for each point y in f(X) [8] . Given an arbitrary subcontinuum 2 of X, let ~12 denote the restriction of the mapping n: X + Xl Y to Z. to 0 in the ray [0, cc), let q be the point corresponding to 1, and let r be the point corresponding to 2. If Y is the arc in C from the point p to the point q, then Y is an extremal continuum in X. If x is a point in X -C, then there is no subcontinuum of X -Y that contains both x and r; therefore, the subcontinuum Y cuts X.
Suppose X is an arcwise connected continuum; Lelek [5] defines a point p in X to be an end point of X in the classical sense provided p is an end point of each arc in X that contains p. The following example shows that Y need not be an extremal continuum in X in order to be an end point of X/ Y in the classical sense. 
